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Abstract 
Analyses on sodium dodecyl sulfate-polyacrylamide gel electrophoreses showed that the human hair cuticle extracts mainly consist of 
a 7-kDa component and keratin proteins. The S-carboxymethylation of the cuticle extracts made the 7-kDa band shift to the 15-kDa 
position. After electroblotting of the S-carboxymethyl derivative, the membrane pieces carrying the 15-kDa band were treated with 
trypsin and the released peptides were separated by reverse-phased HPLC. Amino acid sequence analyses revealed that the peptides 
corresponded tothe partial sequences deduced from human genome coding for S 100A3, a cysteine-rich calcium binding protein. The anti 
SI00A3 serum, prepared by immunizing a synthetic peptide antigen, reacted with the 7-kDa and 15-kDa bands in immunoblotting 
analyses. Immunofluorescence microscopy showed intense labeling to the cuticular layer with the anti S100A3 serum. These results 
indicated that S100A3 was highly expressed in the human hair cuticle. 
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1. Introduction 
In hair fibers, cuticle is the outermost flattened cell and 
provides a tough and impervious layer that protects the 
underlying cortex. Analyses of isolated sheep wool cuticle 
extracts showed the presence of protein but the protein 
bands were smeared upon two-dimensional polyacrylamide 
gel electrophoreses [1]. It has been previously reported that 
the genes coding for proteins of the cysteine rich keratin 
family are expressed in the cuticle of human hair and 
sheep wool follicles [2,3]. Previous investigations ug- 
gested the presence of isopeptide cross-links or inter- 
polypeptide disulfide bonds, which are resistant o reduc- 
tion, in the cuticle proteins. Due to the difficulty in 
studying these cysteine-rich cuticle proteins using conven- 
tional protein chemistry, no cuticle protein has been iso- 
lated to date, and the cuticle constituted proteins have 
remained largely an enigma. 
Abbreviations: SDS-PAGE, sodium dodecyl sulfate-polyacrylamide 
gel electrophoreses; SCM, S-carboxymethyl; PVDF, polyvinylidene diflu- 
oride; MAP, multiple antigen peptide; Fmoc, N-(9-fluorenyl)methoxy- 
carbonyl; FITC, fluorescein isothiocyanate. 
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During analyses of the human hair extracts on sodium 
dodecyl sulfate-polyacrylamide gel electrophoreses (SDS- 
PAGE) in the presence of urea, we have found a 7-kDa 
protein band in addition to keratin bands in the cuticle 
extract. In the present study, the 7-kDa band was identified 
as S100A3, a cysteine-rich calcium binding protein discov- 
ered in the human genome and formerly called S100E [4]. 
Its localization in human hair fiber was examined using the 
specific antiserum against he synthetic peptide antigen. 
2. Materials and methods 
2.1. Preparation of human hair cuticle and cortex extracts 
Human scalp hair fibers (10 g) were divided into cuticle 
fragments and the cylindrical core of cortex by vigorous 
agitation in 500 ml of water for 10 min using a 7010 
blender (Waring) [5]. After separating the cortex by nylon 
mesh filtration, the cuticle suspension was centrifuged at 
5000 × g for 20 min and the pellet was lyophilized to 
yield 105 mg of cuticle fragments. 
The cuticle fragments or the cortex were then extracted 
in 0.2 M Tris containing 8 M urea and 0.2 M 2-mercapto- 
ethanol (pH 9.5) under nitrogen at 50°C for 1 h, homoge- 
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nized in a glass homogenizer and then extracted for 2 
additional hours [6]. The suspensions were then cen- 
trifuged at 10000 × g for 20 min to obtain supernatant as
protein extracts. The yields of soluble protein, estimated 
through a dye-binding protein assay [7], were about 50% 
(w/w) from the cortex and 2% (w/w) from the cuticle 
fragments. A portion of the resulting supernatant of the 
cuticle extract was treated with iodoacetic acid to give the 
S-carboxymethyl (SCM)-derivative [6]. 
by four subcutaneous injections of the octameric MAP 
(250 /zg/immunization) at intervals of 3 wk. The antigen 
was administered with complete Freund's adjuvant for first 
injection and with incomplete Freund's adjuvant for booster 
injections. The ELISA titer of the collected antiserum, 10 
wk after the first injection, rose to 8 × 103 against the 
octameric MAP. 
2.5. Immunohistochemistry 
2.2. Electrophoreses and immunoblotting 
Analyses of the human hair extracts on SDS-PAGE 
were performed using a 15% (w/v)  gel in the presence of 
6 M urea [8]. After being transferred electrophoretically 
onto a polyvinylidene difluoride (PVDF) membrane (Im- 
mobilon-P sQ, Millipore), the protein bands on the mem- 
brane were allowed to react with a diluted antiserum 
(1:1000) at room temperature for 1 h. The antibody that 
bound to the protein bands was visualized using a blotting 
detecting kit (RPN23, Amersham). 
2.3. In situ cleavage of the electroblotted protein and 
peptide sequence analyses 
Indirect immunofluorescence microscopy was per- 
formed on a cryostat section of human hair fiber. Trans- 
verse 5 /xm sections of hair fibers were placed on gelatin- 
coated slides and incubated with anti S100A3 serum or 
preimmune serum at a dilution of 1:40 at room tempera- 
ture for 1 h. To enable visualization of primary antibody, 
fluorescein isothiocyanate (FITC)-labeled goat anti rabbit 
IgG antibody (Cappel Laboratories) was used as a sec- 
ondary antibody. 
3.  Resu l t s  
3.1. Analyses of the human hair extracts on SDS-PAGE 
The PVDF membrane carrying the protein bands were 
excised and treated with 0.5% (w/v)  polyvinylpyrrolidone 
(PVP-40, Sigma) in 0.1 M acetic acid at 37°C for 30 min. 
After extensive washing with water, the membrane pieces 
were treated with trypsin (Promega) in 0.1 M ammonium 
bicarbonate buffer (pH 9.0) - -  acetonitrile (9:1, v /v)  at 
37°C for 24 h [9]. Peptides in the digested mixture were 
separated using a C 18 reverse-phased HPLC column (A312, 
6 X 150 mm, YMC), and their amino acid sequences were 
analyzed using a 471A gas-phase protein sequencer (Ap- 
plied Biosystems). 
2.4. Antibody for $100A3 
SDS-PAGE patterns of the human hair cortex and cuti- 
cle extracts are shown in Fig. 1A. The cortex extract 
showed an essentially similar pattern to the total protein 
extracts of human hair, which consists of two closely 
spaced keratin bands [6] and smear bands corresponding to
the heterogeneous cysteine-rich proteins [12]. On the other 
hand, a 7-kDa band was observed in the cuticle extract as a 
major component overlapping with smear bands of cys- 
teine-rich cuticle proteins in addition to the keratin bands. 
The S-carboxymethylation of the cuticle extract made the 
7-kDa band shift to the 15-kDa position and the band 
became sharp. These phenomena are often observed in the 
Specific antiserum for the S 100A3 protein was obtained 
by immunizing peptide antigen. The peptide antigen was 
synthesized by a multiple antigen peptide (MAP) system 
[10] using the N-(9-fluorenyl)methoxycarbonyl (Fmoc) 
strategy and 2-(1H-benzotriazol-l-yl)-l,l,3,3-tetramethyl- 
uronium hexafluorophosphate (HBTU) activation. Accord- 
ing to the sequence of $100A3 residues 60-74, the pre- 
dicted antigenic determinant from the greatest local hydro- 
philicity [11], Fmoc amino acids were conducted onto a 
branching lysine core (Fmoc MAP resin 8-branch, Applied 
Biosystems) using a 431A solid-phase peptide synthesizer 
(Applied Biosystems). Simultaneous deprotection and 
cleavage of the MAP flom resin were achieved using 
trifluoroacetic acid, and purification was made using a 
reverse-phased column (Resource RPC, 6.4 X 100 mm, 
Pharmacia). The purified material gave a satisfactory anal- 
ysis of amino acid composition. Rabbits were immunized 
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Fig. 1. Electroblots of the protein extracts ofhuman hair. Protein bands 
were detected by staining with Coomassie brilliant blue (A). Immuno- 
reactive bands were detected with anti S100A3 serum (B). Lane 1, 
S100B; lane 2, cortex extract; lane 3, cuticle xtract; lane 4, SCM-deriva- 
tive from cuticle xtract. 
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Fig. 2. Chromatography of a trypsin hydrolysate obtained by in situ 
cleavage of the 15-kDa protein on PVDF membrane. The peptide mixture 
was applied to a reversed-phase HPLC column and eluted with a linear 
gradient of acetonitrile from 10 to 40% (v/v) containing 0.1% (w/v)  
trifluoroacetic acid at a flow rate of 2 ml/min over 30 min. The peaks 
labeled 1-3 were collected and subjected to the amino acid sequence 
analyses. 
case of cysteine-rich proteins such as keratin [6,12] and 
indicate that the bands consist of a homogenous protein. 
3.2. Identification of the 7-kDa and 15-kDa protein bands 
After separation of the SCM-derivative of cuticle ex- 
tract by SDS-PAGE, the proteins were transferred onto a 
PVDF membrane. The membrane carrying the 15-kDa 
protein band was excised and subjected to amino acid 
sequence analysis, but no phenylthiohydantoin derivative 
of amino acid was detected. This is assumed to be due to 
blocking of the N-terminal a-amino group of the 15-kDa 
protein. Consequently, the membrane pieces carrying the 
Table 1 
Amino acid sequences of the peptides from the 15-kDa protein of the 
SCM-cuticle extract 
Peak Peptide sequence b Residues in 
No. " S 100A3 protein 
1 ELLQK 36-40 
2 ELATWTPTEFREXDYNK 41-57 
3 FMSVLDTNKDXEVDFVEYVR 58-77 
a Peak numbers refer to separation shown in Fig. 2. 
b The amino acid residues are given in the one-letter notation. X means 
that no phenylthiohydantoin derivative of amino acid could be detected. 
15-kDa protein band were treated with trypsin and the 
released peptides from the membrane were separated by 
reversed-phase HPLC (Fig. 2). The amino acid sequences 
of isolated peptides were analyzed and the results are 
summarized in Table 1. In the survey of the amino acid 
sequences of known proteins using a protein data base 
(SWlSS-PROT, European Bioinformatics Institute), the 
three peptide sequences obtained by in situ cleavage of the 
15-kDa protein matched with the partial sequences de- 
duced from human genome coding for S100A3, a member 
of S 100 calcium-binding protein family [4]. 
The identities of the 7-kDa band and the 15-kDa band 
of the cuticle extract and its SCM derivative as S100A3 
were further confirmed by immunoblotting using specific 
antibody for S100A3 (Fig. 1B). Antiserum, prepared by 
immunizing the MAP having the sequence of S100A3 
residues 60-74, was found to be unreactive with S100A1 
(S100a) and S100B (S100fl). While no immunoreactive 
protein band was found in the cortex extract, the anti 
S100A3 serum detected the 7-kDa protein in the cuticle 
extract, and 15-kDa protein in the SCM-derivative of the 
A B 
Fig. 3. Indirect immunofluorescence staining patterns of human hair fiber. Transverse 5-/zm sections of human hair fibers were incubated with anti 
S100A3 serum (A) or preimmune serum (B) and visualized by FITC-labeled goat anti rabbit IgG antibody. 
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cuticle extract. The smear bands observed at the upper 
position of the 7-kDa and 15-kDa bands in immuno- 
blotting might be dimer of S100A3. 
3.3. Expressed level and localization of $100A3 in human 
hair 
Even though the cuticle fragments yield small amounts 
of the soluble protein, S100A3 was present in high abun- 
dance in cuticle judging from the density of the S100A3 
bands on the Coomassie brilliant blue stained gels. 
The localization of S100A3 in human hair was exam- 
ined by microscopic imrnunohistochemistry and the im- 
munofluorescence staining patterns are shown in Fig. 3. 
Incubation of hair slices with anti S100A3 serum resulted 
in selective labeling to the cuticular layer, but did not 
demonstrate differences in fluorescence to the cortical and 
medullary cells above the background found with preim- 
mune serum. 
4. Discussion 
S100 proteins, a subgroup of the EF-hand type 
calcium-binding proteins, are expressed in a cell and tissue 
specific fashion, which may be a clue to the functional 
specificity of different S100 family members (reviewed in 
Ref. [13]). S100A3 has been recognized as the product of 
one of the tightest gene clusters in the human genome, 
located on chromosome 1 q21, on which at least ten differ- 
ent S100 proteins are encoded [4,14]. However, the mainly 
located tissue of SI00A3 protein is as yet unknown. In the 
present study, we have shown that S100A3 is expressed in
the cuticle of human hair. 
Some of S100 proteins, encoded in the human chromo- 
some lq21, have been shown to be expressed in the 
epidermis. The mRNA for S100A6 (calcyclin) is expressed 
in post-mitotic keratogenous region of hair follicles [15]. 
S100A7 (psoriasin), S100A8 (calgranulin A) and S100A9 
(calgranulin B) were found in psoriatic epidermis [16], and 
synthesis of S100A7 is unregulated by calcium in normal 
skin [17]. S100-1ike calcium-binding domain fused to 
structural proteins, such as trichohyalin [18] and profilag- 
grin [19], also encoded in the human chromosome lq21 
[14], are major products of terminally differentiating 'hard' 
keratinizing tissues, such as the inner root sheath and 
medulla of the hair follicle and the granular layer of the 
epidermis. Of particular note, the expressed level of 
S100A3 shown in this study seems to be higher than the 
other S100 proteins in epidermis, as described above, and 
comparable to the reported concentrations of the S100A1 
in the heart and S100B in the brain [20]. 
Recently, the recombinant S100A3 protein was pro- 
duced in Escherichia coli and its cation binding properties 
were examined [21]. SI00A3 has the highest content of 
cysteine of all calcium binding protein reported to date [4]. 
Whereas the recombinant S 100A3 with five free thiols and 
two to three intrapolypeptide disulfide bridges showed 
high affinity for Zn 2÷ rather than Ca 2÷, all thiol group 
alkylated S100A3 derivative displays an affinity for Ca 2÷ 
close to that of most other S100 proteins [21]. The large 
difference between the apparent molecular weights of 
S100A3 and its SCM derivative on SDS-PAGE (Fig. 1) 
might reflect he conformational change resulting from the 
cleavage of the intrapolypeptide isulfide bridges. In the 
present study, we have shown that a high concentration f
S100A3 is present in hair cuticle, where abundant cys- 
teine-rich keratin proteins are also expressed [2,3]. Under 
such circumstances, the intrapolypeptide isulfide bridges 
that impose strong constraints for the Ca 2+ binding might 
be replaced with interpolypeptide isulfide bonds. There- 
fore, S100A3 would display a real calcium binding prop- 
erty in the hair cuticle cell. The cysteine residues of 
S100A3 might be in aid of the formation of the cuticle cell 
structure together with the high sulfur proteins, in addition 
to stabilizing its own molecular structure. 
Calcium is probably the most important divalent cation 
operating cellular systems. Although little is known about 
the intracellular role of S100 proteins, they might take part 
in the regulation of intracellular calcium level that is often 
connected with impressive vents, such as proliferation, 
differentiation or programmed cell death [22]. It is known 
that there are several calcium-dependent processes in epi- 
dermis and terminal differentiation of keratinocytes i
tightly regulated by extra and intracellular calcium concen- 
tration [23]. Although the precise function of the S100A3 
is as yet unknown, S100A3 might play a crucial role in the 
calcium-dependent processes of the cuticle cell. In the 
development of the hair fiber, the cells in the follicle bulb 
destined to become cortex or cuticle cells undergo differ- 
ent differentiation pathways. Not only are there extreme 
changes in cell shape, but different ype keratin proteins 
are expressed in the hair cuticle cells at a late stage of fiber 
differentiation [2,3]. Examination of the correlation be- 
tween the cuticle cell differentiation and the S100A3 ex- 
pressing stage is in progress, to elucidate the physiological 
role of S100A3 in hair follicle. 
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